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1
DEVICE WITH ISOLATION BUFFER

BACKGROUND

Transistors, such as but not limited to fin-type transistors,
have been investigated for future generation of devices, such
as for sub-22 nm technology. However, conventional transis-
tors exhibit high parasitic junction capacitance, which unde-
sirably decrease performance. This undesirable result nega-
tively impacts its performance.

From the foregoing discussion, it is desirable to provide a
device with improved performance for use in nanoscale tech-
nologies.

SUMMARY

Embodiments generally relate to devices and methods for
forming a device. In one embodiment, a method for forming
a device is disclosed. The method includes providing a sub-
strate prepared with a device region. A fin is formed in the
device region. The fin includes top and bottom portions. An
amorphous isolation buffer is formed at least in the bottom fin
portion, leaving the top fin portion crystalline. The top fin
portion serves as a body of a fin type transistor.

In another embodiment, a method for forming a device is
presented. The method includes providing a substrate pre-
pared with a device region. A transistor is formed in the device
region. The transistor includes a gate disposed over the sub-
strate. Source/drain (S/D) regions are formed adjacent to the
gate. An amorphous isolation buffer is formed at least below
the gate. The amorphous isolation buffer reduces S/D junc-
tion current leakage.

In yet another embodiment, a device is presented. The
device includes a substrate prepared with a device region and
a fin disposed in the device region. The fin includes top and
bottom portions. The device also includes an amorphous iso-
lation buffer disposed at least in the bottom fin portion, leav-
ing the top fin portion crystalline. The top fin portion serves as
a body of a fin type transistor.

These and other objects, along with advantages and fea-
tures of the present invention herein disclosed, will become
apparent through reference to the following description and
the accompanying drawings. Furthermore, it is to be under-
stood that the features of the various embodiments described
herein are not mutually exclusive and can exist in various
combinations and permutations.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings, like reference characters generally refer to
the same parts throughout the different views. Also, the draw-
ings are not necessarily to scale, emphasis instead generally
being placed upon illustrating the principles of the invention.
In the following description, various embodiments of the
present invention are described with reference to the follow-
ing drawings, in which:

FIGS. 1a-1¢ show various views of an embodiment of a
device;

FIGS. 2a-2¢ show various views of another embodiment of
a device;

FIGS. 3a-3f show an embodiment of a process of forming
a device;

FIGS. 4a-4d show another embodiment of a process for
forming a device;

FIGS. 5a-5¢ show another embodiment of a process for
forming a device; and
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FIGS. 6a-6d show yet another embodiment of a process for
forming a device.

DETAILED DESCRIPTION

The embodiments generally relate to devices, such as semi-
conductor devices or ICs. More particularly, some embodi-
ments relate to transistors employed to form ICs. The ICs can
be any type of IC. For example, the IC may be a dynamic or
static random access memory, a signal processor, or a system
on chip (SoC) device. The ICs can be incorporated into, for
example, consumer electronic products, such as computers,
cell phones, and personal digital assistants (PDAs). Other
types of devices or products are also useful.

FIGS. 1a-1c¢ show various views of a device 100. FIG. 1a
shows a top view while FIG. 15 shows a 3-dimensional view
of'the device along A-A' and FIG. 1¢ shows a cross-sectional
view of the device along B-B'. The device, for example, is an
integrated circuit (IC). Other types of devices may also be
useful. Referring to FIGS. 1a-1¢, a substrate 105 serves as a
base for the device. The substrate, for example, includes a
silicon substrate. The substrate may be a lightly doped sub-
strate. For example, the substrate may be a lightly doped
p-type (p) substrate. In some embodiments, the substrate may
be a lightly doped n-type (n) substrate. Other types of sub-
strates may also be useful. For example, the substrate may be
a heavily p-doped (p*) or n-doped (n™), intrinsic substrate or
a substrate having other types of semiconductor materials,
such as silicon-germanium (SiGe), germanium (Ge), gal-
lium-arsenic (GaAs) or any other suitable semiconductor
materials, including subsequently developed materials.

The substrate is prepared with a device region for a tran-
sistor 110. For illustration purpose, the transistor, for
example, is shown as a fin-type transistor such as finFET. It is
understood that the transistor is not limited to fin-type tran-
sistor and may include other suitable types of transistors. The
device may include other device regions (not shown). For
example, the substrate may include other device regions for
which other types of transistors or components of the IC may
be formed. For example, the substrate may include p-type and
n-type components, such as high, medium and low voltage
p-type and n-type components. Various types of n-type and
p-type wells are provided for these components. P-type
dopants can include boron (B), aluminum (Al), indium (In) or
a combination thereof, while n-type dopants can include
phosphorus (P), arsenic (As), antimony (Sb) or a combination
thereof.

The device region, for example, may be isolated from other
device regions by, for example, an isolation layer 160. The
isolation layer is disposed on a surface 109 of the substrate.
The isolation layer, in one embodiment, includes a dielectric
layer such as silicon oxide. In other embodiments, the isola-
tion layer may be silicon nitride. Other types of dielectric
layers, including multiple dielectric layers, may also be use-
ful. For example, the isolation layer may be a second dielec-
tric layer over a first dielectric layer. The second dielectric
layer may serve as an etch stop to protect the first dielectric
layer. For example, a silicon nitride layer may be provided
over a silicon oxide layer or a silicon oxide layer may be
provided over a silicon nitride layer. The isolation layer
serves to electrically isolate the transistor from the substrate.
The thickness of the isolation layer, for example, may be
about 100-500 nm. In other embodiments, the thickness of the
dielectric layer may be about 200-400 nm. Other suitable
thickness ranges may also be useful. The thicker the isolation
layer, the better the isolation.
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The transistor, in one embodiment, includes a fin structure
120. The fin structure extends from the top surface of the
substrate to above the top surface of the isolation layer. For
example, the fin structure is disposed on the top surface of the
substrate. The fin structure is an elongated member with a
rectangular cross-section. Other types of fin structures may
also be useful. As shown, the fin structure is disposed along a
first direction (e.g., x direction).

The fin structure is formed of a material capable of having
good or high carrier mobility. For example, the fin structure
includes a crystalline material, such as silicon. Other fin
materials, such as SiGe, Ge or GaAs or a combination of the
various crystalline materials may also be employed. The fin,
in one embodiment, is an integral part of the substrate. For
example, the fin structure is formed from patterning the sub-
strate. In such cases, the fin structure has the same material as
the substrate. In other embodiments, the fin may be an epi-
taxial layer formed and processed on the surface of the sub-
strate. In such cases, the fin structure may be of the same or
different material from the substrate. In such cases, the fin
may be of the same or different material from the substrate.
Other suitable configurations of the fin may also be useful.

The fin structure includes top and bottom fin portions 121
and 122. The top fin portion serves as a body of the transistor.
The top fin portion includes material capable of having good
or high carrier mobility, such as a crystalline material. As for
the bottom fin portion, it serves as an isolation buffer, sepa-
rating the top fin portion or body of the transistor from the
substrate.

For example, an isolation buffer layer 164 is disposed in the
bottom fin portion 122. In one embodiment, an interface 124
of'the top and bottom fin portions is at about the top surface of
the isolation layer 160. Providing the interface above or
below the isolation layer may also be useful. The bottom fin
portion should be sufficiently thick to isolate the body of the
transistor from the substrate. For example, the bottom fin
portion should have a height sufficient to isolate the body of
the transistor from the substrate. The height of the bottom fin
portion may be about 200-400 nm. In other embodiments, the
bottom fin portion is about 230-350 nm in height. Other
suitable height dimension for the bottom fin portion may also
be useful. The height of the bottom fin portion, for example,
may be tuned or varied to achieve the desired substrate integ-
rity.

As for the top fin portion 121, the thickness defines the
device height. The height of the top fin portion determines the
device height. For example, the height of the top fin portion
may factor in determining a channel width of the device.
Exemplary height of the top fin portion may be about 50-200
nm. In some embodiments, the height of the top fin portion is
about 60-150 nm. The width of the top fin portion may be
about 10-100 nm. In some cases, the width of the fin may be
included in determining the channel width of the device.
Other dimensions for the top fin portion may also be useful.
The dimensions of the fin, for example, may depend on device
or design requirements.

The top fin portion 121, as discussed, serves as the body of
the transistor. The top fin portion serves as the device’s chan-
nel region. The top fin portion may be an intrinsic top fin
portion. In some embodiments, the fin structure may be a
lightly doped fin structure having second polarity type
dopants. The second polarity type doped fin structure is used
for, for example, a first polarity type device. For example, the
fin structure may include p-type dopants for an n-channel
device or n-type dopants for a p-channel device. For example,
in the case where the fin is integral to the substrate, it would
have the same polarity type as the substrate.
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As for the bottom fin portion 122, the isolation buffer layer
164, in one embodiment, is an amorphized silicon (a-Si)
layer. In one embodiment, the a-Si buffer layer is implanted
with amorphizing dopants. The amorphizing dopants, for
example, include silicon ions (Si*). Other suitable types of
amorphizing dopants, such as but not limited to Ge™, may also
be useful. The dopants are implanted by, for example, high
energy implantation (HEI). The HEI is performed at, for
example, 160 KeV with a dose of about Se14-9e14 atom/cm?.
Providing other suitable implant energies and doses may also
be useful. The implant parameters, such as the energy and
dose, may be tuned or tailored to produce amorphous layer
having the desired depth and thickness to achieve the desired
effect. For example, higher dose and energy may be employed
to create a thicker amorphous layer. Implanting the amorphiz-
ing ions by cold or molecular/cluster implantation may also
be useful. Other suitable types of techniques may also be
used.

By implanting amorphizing dopants into the fin structure,
an isolation buffer layer is formed in the bottom fin portion.
The top fin portion remains crystalline. A vacancy rich crys-
talline layer is disposed in the crystalline top portion. The
isolation buffer layer is sandwiched between the substrate and
top fin portion. By adjusting the energy and dose of the
implantation, the location and thickness of the isolation
buffer layer can be controlled. This also controls the thickness
or height of the top fin portion.

A gate 130 is disposed on the isolation layer 160. The gate,
for example, is an elongated member with a rectangular
cross-section. Other types of gates may also be useful. In one
embodiment, the gate is disposed on the dielectric layer along
a second direction (e.g., y direction) and traverses the fin. The
second direction, for example, is perpendicular to the first
direction. Providing first and second directions which are not
perpendicular to each other may also be useful. The isolation
layer 160, for example, provides isolation to prevent the
region under the gate on the isolation layer from turning on.
The gate, as shown, wraps around the fin.

The gate, in one embodiment, includes a gate electrode 134
and a gate dielectric 133. The gate dielectric layer, for
example, is disposed between the gate electrode and the fin.
The gate electrode, for example, is a polysilicon gate elec-
trode. Other types of gate electrode materials may also be
useful. For example, the gate electrode may be a metal gate
electrode, such as TaN or TiN gate electrode. As for the gate
dielectric layer, it may be silicon oxide. Other types of gate
dielectric material may also be useful. For example, the gate
dielectric layer may be HfSiON, SiON or HfO,. In some
embodiments, the gate dielectric may further include a work
function tuning layer. For example, L.a,0; may be provided
for a n-type device while TiN/Al/TiN may be provided for a
p-type device in addition to HfSiON and/or HfO,. Other
suitable types of work function tuning layer may also be
useful.

Dielectric spacers 139 may be provided on sidewalls of the
gate. The dielectric spacers, for example, may be silicon
nitride. Other types of dielectric materials may also be used.
For example, the spacers may be silicon nitride or multiple
layers of dielectric materials, such as silicon oxide and silicon
nitride. In other embodiments, no dielectric spacers are pro-
vided on the gate sidewalls.

First and second source/drain (S/D) regions 140 and 150
are disposed in the fin adjacent to the gate. The S/D regions
include dopants of a first polarity type for a first type device.
For example, the S/D regions may contain n-type dopants for
an n-type or n-channel device or p-type dopants for a p-type
orp-channel device. The S/D regions, in one embodiment, are
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heavily doped regions. For example, the dopant concentration
of the S/D regions may be about 10'#-10°° atoms/cm?>. The
depth or bottom of the S/D regions, for example, may be
located at about the top surface of the isolation layer 160.
Providing the bottom of the S/D regions at other locations in
the fin structure may also be useful. For example, the bottom
of'the S/D regions may be located above or below the surface
of'the isolation layer. In other embodiments, the bottom of the
S/D regions may occupy the fin structure. In some embodi-
ments, the bottom of the S/D regions may extend below the
bottom of the isolation layer into the isolation well in the
substrate. A channel 136 is located in the upper portion of the
fin between the S/D regions and below the gate.

In some embodiments, the S/D regions may be provided
with S/D extension regions. The S/D extension regions may
be lightly doped portions of the S/D regions. The S/D exten-
sion regions, for example, extend beneath the spacers to con-
nect the channel to the S/D regions. In some embodiments,
the S/D extension profile may extend beneath the gate. Pro-
viding a S/D extension profile which underlaps the gate may
increase resistance and to have better short channel effect.

First and second S/D contact pads 142 and 152 may be
provided. The first and second contact pads are coupled to the
ends of the fin. For example, the first S/D contact pad is
coupled to a first end of the fin and the second S/D contact pad
is coupled to a second end of the fin. The contact pads may be
rectangular in shape. Other shapes may also be useful. The
contact pads, in one embodiment, may be integral parts of the
fin. For example, the contact pads may be heavily doped with
first polarity type dopants and may be an extension of'the S/D
regions. Other types or configurations of contact pads may
also be useful. Contacts may be coupled to the S/D contact
pads for coupling to the S/D regions.

A gate contact pad 132 may be provided on the isolation
layer. The gate contact pad is coupled to, for example, an end
of the gate. As shown, the gate is provided with one contact
pad 132 disposed on a first end of the gate. The gate contact
pad may be rectangular in shape. Other shapes may also be
useful. The gate contact pad, in one embodiment, may be an
integral part of the gate. Other types or configurations of gate
contact pad may also be useful.

As shown, the gate wraps around the fin structure. For
example, the gate covers the top and side surfaces of the fin
structure, forming a tri-gate structure. Alternatively, a hard
mask may be disposed over the top surface of the fin. In this
case, the gate covers the side surfaces of the fin structure,
forming a double-gate structure. In a conventional double
gate configuration, the double gate is connected at the top and
has one gate pad. In an alternative double gate configuration
(also known as independent double gate configuration), the
gate will disconnect on top of the fin and two gate pads may
be provided to individually control the two separate gates.
Furthermore, although a single fin structure is shown, some
embodiments may include a plurality of fin structures con-
figured in a closely packed manner. The fin structures may be
controlled by acommon gate. Such an arrangement forms, for
example, multiple transistors arranged in a finger configura-
tion to increase drive current. In other embodiment, the fin
structures may be independently controlled by respective
gates or a combination of common and independent gates.

FIGS. 2a-2¢ show various views of another embodiment of
a device 200. FIG. 2a shows a top view while FIG. 256 shows
a 3-dimensional view of the device along A-A' and FIG. 2¢
shows a cross-sectional view of the device along B-B'. The
device, for example, is similar to that described in FIGS.
1a-1¢. Common features may not be discussed or discussed in
detail.
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As shown, a substrate 105 is provided with a device region
which includes a finFET 110 disposed therein. An isolation
buffer layer 266 is disposed on the top surface 109 of the
substrate. The thickness ofthe isolation bufter layer should be
sufficient to isolate the transistor from the substrate 105. The
thickness of the isolation buffer layer, for example, is about
200-400 nm. In one embodiment, the thickness of the isola-
tion buffer layer is about 230-350 nm in height. Other suitable
thickness ranges may also be useful.

The isolation buffer layer, in one embodiment, is an -Si
layer. The a-Si layer is an integral part of the substrate. For
example, the at-Si layer is formed by implanting the substrate
with amorphizing dopants. The amorphizing dopants, for
example, include silicon ions (Si*). Other suitable types of
amorphizing dopants, such as but not limited to Ge™, may also
be useful. Depending on the size of the amorphizing dopants,
stress effects may be introduced. The dopants are implanted
into the substrate by, for example, high energy implantation
(HEI). The HEI, in one embodiment, is performed at 160 KeV
with a dose of about 5e14-9e14 atom/cm?®. Providing other
energies and doses may also be useful. The implant param-
eters, such as the energy and dose, may be tuned or tailored to
produce amorphous layer having the desired depth and thick-
ness to achieve the desired effect. For example, higher dose
and energy may be employed to create a thicker amorphous
layer. Implanting the amorphizing ions by cold or molecular/
cluster implantation may also be useful. Other suitable types
of techniques may also be used.

A fin 220 is disposed on the isolation bufter layer 266. The
fin, for example, protrudes above the surface of the isolation
buffer layer. The fin serves as the channel region of the tran-
sistor. For example, the fin is formed of a crystalline material.
Exemplary height of the fin may be about 50-200 nm. In some
embodiments, the height of the fin is about 60-150 nm. The
width of the fin is about 10-100 nm. In some cases, the width
of'the fin may be included in determining the channel width of
the device. Other dimensions for the fin may also be useful.
The dimensions of the fin, for example, may depend on device
or design requirements.

In one embodiment, the fin is an integral part of the sub-
strate. For example, like the isolation buffer layer, the fin is
part of the substrate. By implanting amorphizing dopants into
the substrate, the isolation buffer layer is disposed within the
substrate, forming a buried isolation buffer layer, with a top
crystalline layer above it and the bulk substrate below. A
vacancy rich crystalline layer is disposed above the interface
224 of'the top crystalline layer and isolation buffer layer. The
isolation buffer layer is sandwiched between the bulk sub-
strate and top crystalline layer. By adjusting the energy and
dose of the implant, the location and thickness of the isolation
buffer can be controlled. This also controls the thickness or
height of the top crystalline layer. The top crystalline layer is
patterned to form the fin 220.

The transistor includes a gate 130 which traverses the fin.
The sides of the gate may include dielectric sidewall spacers
139. Firstand second S/D regions 140 and 150 are disposed in
the fin adjacent to the gate. A channel 136 is disposed in the fin
between the S/D regions and under the gate. In some embodi-
ments, the S/D regions may be provided with S/D extension
regions.

First and second S/D contact pads 142 and 152 may be
provided at ends of the fin. For example, the first S/D contact
pad is coupled to a first end of the fin and the second S/D
contact pad is coupled to a second end of the fin. The contact
pads may be rectangular in shape. Other shapes may also be
useful. The contact pads, in one embodiment, may be integral
parts of the fin. For example, the contact pads may be heavily
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doped with first polarity type dopants and may be an exten-
sion of the S/D regions. Other types or configurations of
contact pads may also be useful. Contacts may be coupled to
the S/D contact pads for coupling to the S/D regions.

A gate contact pad 132 may be provided on the dielectric
layer. The gate contact pad is coupled to, for example, an end
of the gate. As shown, the gate is provided with one contact
pad 132 disposed on a first end of the gate. The gate contact
pad may be rectangular in shape. Other shapes may also be
useful. The gate contact pad, in one embodiment, may be an
integral part of the gate. The gate may be presented as a
double-gate or tri-gate structure as described earlier. Other
types or configurations of gate and gate contact pad may also
be useful.

FIGS. 3a-3f'show cross-sectional views of an embodiment
of'a process 300 for forming a device or IC. Referring to FIG.
3a, a substrate 105 is provided. The substrate may be a silicon
substrate. The substrate may be lightly doped with, for
example, p-type dopants. Providing other types of substrates,
including SiGe, Ge and group III-V semiconductors such as
GaAs, InP and InAs, including substrates doped with other
types of dopants or undoped substrates, are also useful.

The substrate may be prepared with a device region. The
device region, for example, serves as a region for a transistor.
In one embodiment, the device region serves as a region for a
finFET. Although the substrate is described with one device
region, it is understood that the substrate may include numer-
ous device regions (not shown). The numerous device regions
may include different types of device regions.

Referring to FIG. 35, the substrate is processed to form a fin
structure 320. In one embodiment, the fin structure includes
the body and contact regions of the transistor, such as that
described in, for example, FIGS. 1a-1c¢. The height of the fin
structure should be sufficient to provide a top and bottom fin
portion which serves as a body of the transistor and an isola-
tion buffer. The height of the fin, for example, may be about
250-600 nm. In other embodiments, the height of the fin may
be about 350-400 nm. As for the width, it may be about
10-100 nm. Other fin dimensions may also be useful.

Forming the fin structure 120 may be achieved using vari-
ous methods. The fin structure, for example, may be formed
by patterning the substrate. For example, a patterned hard
mask (not shown) is formed over the substrate. In one
embodiment, a hard mask layer (not shown), such as silicon
oxide or silicon nitride, is formed on the substrate 105. Other
suitable types of materials which are selective to the isolation
layer as will be described later may also be used as the hard
mask layer. The hard mask layer may be formed by chemical
vapor deposition (CVD). Other suitable types of hard mask or
techniques for forming the hard mask may also be useful.

The hard mask layer is patterned to correspond to the shape
of'the fin structure 320. The patterning of the hard mask layer
can be achieved by mask and etch techniques. For example, a
patterned soft mask (not shown), such as photoresist, may be
used as an etch mask to pattern the hard mask layer. The soft
mask may be patterned by photolithography. To improve
lithographic resolution, an ARC (not shown) may be provided
beneath the photoresist. The pattern of the photoresist mask is
transferred to the hard mask by, for example, an anisotropic
etch, such as a reactive ion etch (RIE). The soft mask is
removed. An anisotropic etch, such as a RIE, is performed to
remove portions of the substrate surface unprotected by the
hard mask, leaving a fin structure 320 as described above
disposed on the top surface of the substrate. Other suitable
methods may also be employed to form the fin structure. The
hard mask (not shown), remains on the top surface of the fin.
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The process continues to form the isolation layer. An iso-
lation layer, such as a dielectric layer which includes a silicon
oxide layer, is formed over the substrate covering the fin
structure. Other suitable types of dielectric layer may also be
useful. The isolation layer, for example, may be formed over
the substrate using chemical vapor deposition (CVD) or high
aspect ratio process (HARP). Other techniques for forming
the isolation layer may also be useful. In one embodiment, a
polishing process, such as a chemical mechanical polishing
process (CMP) is performed to planarize the isolation layer to
the top surface of the hard mask over the fin structure. A
removal process, such as selective to the isolation layer which
includes oxide material, is performed to remove or recess
portions of the oxide to form the isolation layer 160 as shown
in FIG. 3¢. The removal process may include dry etch, wet
etch or a combination thereof. The isolation layer 160, for
example, has a height or thickness sufficient to provide iso-
lation from the substrate below. The thickness of the isolation
layer, for example, may be about 100-500 nm. In other
embodiments, the thickness of the dielectric layer may be
about 200-400 nm. Other suitable thickness ranges may also
be useful.

Referring to FIG. 3d, an amorphizing implant is per-
formed. The amorphizing implant amorphizes a bottom por-
tion 122 of the fin. This forms an amorphous isolation buffer
164 in the bottom fin portion 122 of the fin. For example, the
amorphized bottom fin portion serves as a buried isolation
layer beneath the top fin portion to reduce S/D junction cur-
rent leakage. In the case where the substrate is a silicon
substrate, the amorphous isolation buffer is an a.-Si layer. The
amorphizing implant implants Siions (Si*) into the bottom fin
portion. Implanting other suitable types of amorphizing
dopants, such as but not limited to Ge*, may also be useful.
The implant, in one embodiment, is a HEI implant. The HEI
implant is performed at, for example, 160 KeV with a dose of
about 5e14-9el4 atom/cm?®. Providing other implant energies
and doses may also be useful. The implant parameters, such
as the energy and dose, may be tuned or tailored to produce an
amorphized portion having the desired depth and thickness to
achieve the desired effect. For example, higher dose and
energy may be employed to create a thicker amorphized bot-
tom portion. Implanting the amorphizing dopants by cold or
molecular/cluster implantation may also be useful. Other
suitable types of techniques may also be used.

By implanting amorphizing dopants into the fin structure,
isolation buffer 164 is disposed in the bottom portion 122 of
the fin. The top fin portion 121 remains crystalline. For
example, the top fin portion remains as a crystalline silicon. A
vacancy rich region, such as a HEI induced vacancy rich
region, is disposed in the crystalline layer above the interface
of the top and bottom fin portions. The isolation buffer is
sandwiched between the substrate and top fin portion.

By adjusting the energy and dose of the implant, the loca-
tion and thickness of the isolation buffer can be controlled.
This also controls the thickness or height of the top fin por-
tion. Exemplary thickness of the isolation buffer 164 may be
about 200-400 nm. In one embodiment, the thickness of the
isolation buffer may be about 230-350 nm. As for the top fin
portion 121, it may be about 50-200 nm. In one embodiment,
the top fin portion is about 60-150 nm. Providing other thick-
nesses for the top and bottom fin portions may also be useful.
As shown, the interface 124 of the top and bottom fin portions
may be disposed at about the top surface of the isolation layer
160. Providing the interface of the fin portions above or below
the top surface of the isolation layer 160 may also be useful.

In FIG. 3e, a gate dielectric layer 333 is formed on the
exposed surfaces of the fin structure, including the contact
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pads. The gate dielectric layer is formed of, for example,
silicon oxide. In one embodiment, the gate dielectric layer is
formed by thermal oxidation. The thermal oxidation may be
performed in an oxidizing ambient, such as O,. The oxidizing
ambient may also include N,. This forms a thermal silicon
oxide layer on the surfaces of the fin structure. Forming other
types of gate dielectric or using other techniques to form the
gate dielectric layer may also be useful. For example, the
process of forming a gate dielectric may form SiON, HfO, or
HfSiON or other types of gate dielectric layer. The thickness
of'the gate dielectric layer may be, for example, about 10-100
A. Other suitable gate dielectric thicknesses may also be
useful.

The process continues to form a gate electrode layer 134 on
the substrate, covering the isolation layer 160 and gate dielec-
tric layer 333. The gate electrode layer, for example, is a
polysilicon layer. The gate electrode layer may be formed by,
for example, CVD. The gate electrode layer, for example, is
conformally formed over the substrate, covering the gate
dielectric 333 and the isolation layer 160. The thickness of the
gate electrode layer, for example, may be about 400-1000 A.
Other suitable types of gate electrode layers, thicknesses or
techniques for forming the gate electrode layer may also be
useful. For example, the gate electrode layer may include
TaN, TiN or other types of gate electrode material or may be
formed by techniques such as atomic layered deposition
(ALD) or sputtering.

The gate electrode layer may be doped to reduce resistance,
adjust VT, adjust work function or a combination thereof. The
type of dopants and dopant concentration may be appropri-
ately selected based on the design requirements. The gate
electrode layer may be in situ doped during formation or
doped by ion implantation after the formation of the gate
electrode layer.

The gate layers, for example, gate dielectric and gate elec-
trode, are patterned to form a gate 130 having gate dielectric
133 and gate electrode 134 as shown in FIG. 3f. The gate, in
one embodiment, includes gate contact region. The gate, for
example, traverses the fin. Patterning of the gate layers may
be achieved using etch and mask techniques. For example, an
RIE is employed using patterned soft mask, such as photore-
sist, as an etch mask to pattern the gate layers. To improve
lithographic resolution, an ARC can be provided beneath the
photoresist. Other techniques for patterning the gate layers
may also be useful. After patterning the substrate to form the
gate stack, the mask, including the ARC layer may be
removed.

The process continues, for example, to form S/D regions in
the fin structure adjacent to the gate. The S/D regions include
first polarity type dopants. In one embodiment, lightly doped
S/D extension regions are formed, for example, by ion
implantation. The extensions are formed by, for example,
implanting first polarity type dopants. The process param-
eters of the implantation, such as dose and energy, may be
appropriately selected based on design requirements.

After the extension regions are formed, gate sidewall spac-
ers may be formed on sidewalls of the gate. The gate sidewall
spacers, for example, comprise silicon nitride. Other types of
spacer materials, such as silicon oxide or silicon oxynitride,
may also be useful. To form sidewall spacers, a spacer dielec-
tric layer is deposited on the substrate. The spacers can be
formed by using various techniques, such as plasma enhanced
chemical vapor deposition (PECVD). Other techniques for
forming the spacer dielectric layer or forming other types of
spacers may also be useful. The spacer dielectric layer is
subsequently anisotropically etched, such as by RIE, to

30

35

40

45

55

10

remove horizontal portions, leaving non-horizontal portions
on the sidewalls as the spacers.

Heavily doped S/D regions with first polarity type dopants
are formed. The heavily doped S/D regions are formed by, for
example, implanting first polarity type dopants. The process
parameters of the implantation, such as dose and energy, may
be appropriately selected based on design requirements. In
some embodiments, the S/D extension regions may be
formed along with forming the S/D regions after spacer for-
mation. Silicide contacts may be formed on the contact
regions of the device, such as S/D contact regions and gate
contact regions.

As described earlier, a vacancy rich region, such as a HEI
induced vacancy rich region, is disposed in the top crystalline
fin portion. The vacancy rich region is advantageous for
dopant activation and S/D junction. During the S/D junction
doping, the dopants will be more readily activated as there are
excess vacancies present in the vacancy rich region. The
vacancies facilitate fast and easy dopant activation with
reduced thermal budget. Thus, the HEI technique employed
provides a method to form good junction characteristics as
well as with a low post-implant temperature anneal.

The process further continues to form, for example, a
dielectric layer (not shown). The dielectric layer may be a
pre-metal dielectric (PMD) layer. Contacts to the contact pads
may be formed in the transistor. Additional processes may
include forming of one or more interconnect levels, final
passivation, dicing, assembly, packaging and testing. Other
processes are also useful. For example, other components,
such as low voltage, medium voltage, and high voltage 1/0
devices can be formed prior to forming the interconnections.

FIGS. 4a-4d show cross-sectional views of another
embodiment of a process 400 for forming a device or IC. FIG.
4a shows a substrate 105 which is similarly processed as
shown in FIG. 3f. For example, the substrate is processed to
include a patterned gate with sidewall spacers, S/D regions
and an isolation buffer disposed in the bottom portion of the
fin. In one embodiment, the patterned gate serves as a dummy
gate 430. For example, the dummy gate includes a dummy
gate dielectric 433 and a dummy gate electrode 434 which is
conformally formed over the substrate similar to that shown
in FIG. 3f; except that the dummy gate electrode layer may be
as thick as the thickness of the top fin portion. Alternatively,
the dummy gate electrode may not be conformally formed
over the substrate, such as that shown in FIG. 4a. Providing
other suitable configuration of the dummy gate electrode may
also be useful. In the case of a dummy gate, it may be formed
of any type of material which can be selectively removed
from the fin and subsequently formed dielectric layer. For
example, the dummy gate electrode layer may include poly-
silicon while the dummy gate dielectric layer may include
silicon nitride or silicon oxide. Other suitable types of mate-
rials may also be used for the dummy gate.

Referring to FI1G. 45, a dielectric layer 470 is formed on the
substrate, covering the fin and gate. The dielectric layer, for
example, serves as an ILD layer. In one embodiment, if the
dummy gate dielectric is silicon nitride, the dielectric layer is
a silicon oxide layer. Alternatively, if the dummy gate dielec-
tric is silicon oxide, the dielectric layer is a silicon nitride
layer. Other suitable types of dielectric layer may also be
useful.

As shown in FIG. 4¢, the ILD layer is planarized. The
planarizing process, for example, is a chemical mechanical
polishing (CMP) process. The planarizing process removes
excess ILD or dielectric layer forming a co-planar top surface
472 with the dummy gate.



US 9,214,557 B2

11

After planarization, the exposed dummy gate is selectively
removed. Removal of the dummy gate may be performed by
dry etch, wet etch or a combination thereof. For example, a
wet etch selective to the ILD layer (not shown) and sidewall
spacers (not shown) may be performed. The dummy gate may
be removed by wet etch using different chemistries. Removal
of'the dummy gate leaves a gate trench or gate opening on the
substrate.

In one embodiment, a metal gate 480 is formed on the
substrate in the gate trench as shown in FIG. 4d. Forming the
metal gate includes forming a high-k gate dielectric layer 483
on the substrate. The gate dielectric layer lines the gate trench
and ILD layer (not shown). The high-k gate dielectric layer,
for example, may be HfO,, HfSiON, La, O, zirconium oxide
or silicates thereof formed by atomic layer deposition (ALD)
process. A metal gate electrode layer 484, such as TaN or TiN,
may be formed over the gate dielectric layer by ALD, CVD or
physical vapor deposition (PVD). A work function tuning
layer may be formed in between the metal gate electrode and
the high-k gate dielectric layer. Other types of gate dielectric
materials, electrode materials or forming techniques may also
be useful. These layers are planarized, forming a planar top
surface between the ILD, gate dielectric and gate electrode.

After forming the metal gate, the process continues to form
the device. Additional processes may be performed to com-
plete the device. For example, additional processes include
forming contacts to the transistor. For example, contact open-
ings are formed to the contact pads onto the exposed contact
regions. Silicide contacts may be formed on exposed source/
drain contact regions. Contact plugs are formed in the contact
openings with the silicide contacts. Additional processes may
include back end of line process to finish the manufacturing of
the device, such as forming of one or more interconnect
levels, final passivation, dicing, assembly, packaging and test-
ing. Other processes are also useful. For example, other com-
ponents, such as low voltage, medium voltage, and high volt-
age 1/0 devices can be formed prior to forming the
interconnections.

FIG. 5a-5¢ shows a cross-sectional view of another
embodiment of a process 500 for forming a device or IC. As
shown in FIG. 54, a substrate 105 is processed as in FIG. 4c.
For example, the substrate is processed to include a patterned
dummy gate 430 and ILD layer (not shown). Unlike the
device shown in FIG. 4¢, no isolation buffer has been formed
in a bottom portion 122 of the fin.

Referring to FIG. 55, the dummy gate is removed. Removal
of the dummy gate leaves a gate trench on the substrate,
exposing sides of the ILD layer 470 adjacent to the gate
trench. After removal, an amorphizing implant is performed.
The amorphizing implant amorphizes a bottom portion of the
fin. This forms an amorphous isolation buffer 164 in the
bottom fin portion of the fin as shown in FIG. 5¢. In the case
where the substrate is a silicon substrate, the amorphous
isolation buffer is an a-Si layer. The amorphizing implant
implants Si ions (Si*) into the bottom fin portion. Other suit-
able types of amorphizing dopants, such as but not limited to
Ge*, may also be useful. The implant, in one embodiment, is
a HEl implant. The HEI implant is performed at, for example,
160 KeV with a dose of about 5e14-9¢14 atom/cm?. Provid-
ing other implant energies and doses may also be useful. The
implant parameters, such as the energy and dose, may be
tuned or tailored to produce amorphous portion having the
desired depth and thickness to achieve the desired effect. For
example, higher dose and energy may be employed to create
a thicker amorphous portion. Implanting the amorphizing
dopants by cold or molecular/cluster implantation may also
be useful. Other suitable types of techniques may also be
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used. After forming the isolation buffer layer, the process
continues to form the metal gate and complete the device, as
described in FIG. 44.

FIG. 6a-6d shows a cross-sectional view of another
embodiment of a process 600 for forming a device or IC. As
shown in FIG. 6a, a substrate 105 is provided. The substrate
is similar to that shown in FIG. 3a.

Referring to FIG. 65, an amorphizing implant is per-
formed. The amorphizing implant amorphizes a portion of the
substrate. This forms a buried amorphous isolation buffer
layer 266 in the buried portion of the substrate. For example,
the buried amorphous isolation buffer layer 266 is disposed
between a crystalline top substrate portion 606 and a bulk
substrate 105. In the case where the substrate is a silicon
substrate, the amorphous isolation buffer is an a.-Si layer. The
amorphizing implant implants Si ions (Si*) into the buried
portion of the substrate. Other suitable types of amorphizing
dopants, such as but not limited to Ge*, may also be useful.
The implant, in one embodiment, is a HEI implant. The HEI
implant is performed at, for example, 160 KeV with a dose of
about 5e14-9e14 atom/cm?. Providing other implant energies
and doses may also be useful. The implant parameters, such
as the energy and dose, may be tuned or tailored to produce
amorphous layer having the desired depth and thickness to
achieve the desired effect. For example, higher dose and
energy may be employed to create a thicker amorphous layer.
Implanting the amorphizing dopants by cold or molecular/
cluster implantation may also be useful. Other suitable types
of techniques may also be used.

By adjusting the energy and dose of the implant, the loca-
tion and thickness of the buried isolation buffer layer can be
controlled. This also controls the thickness or height of the
top substrate portion. Exemplary thickness of the isolation
buffer may be about 200-400 nm. In one embodiment, the
thickness ofthe isolation buffer may be about 230-350 nm. As
for the top substrate portion, it may be about 50-200 nm. In
one embodiment, the top substrate portion is about 60-150
nm. Providing other thicknesses for the top substrate portion
and buried isolation layer may also be useful.

As shown in FIG. 6c¢, the substrate is patterned to form a fin
220. The substrate may be patterned using etch and mask
techniques, for example, similar to that described in FIG. 35.
The etch may be selective to the amorphous buried isolation
layer. This forms a crystalline fin above the amorphous iso-
lation layer. For example, the fin extends above the amor-
phous isolation layer. In FIG. 64, a gate dielectric layer 333 is
formed on the exposed surface of the fin. The gate dielectric
layer may be formed similarly as described in, for example,
FIG. 3e. After forming the gate dielectric layer, the process
continues as described in FIGS. 3e-3f. In some cases, for
example, the process continues to form a metal gate. In such
cases, the process may include those described in FIG. 4¢ and
onwards.

The embodiments as described above, for example, include
a fin-type transistor. It is understood that the amorphized
portion used to reduce current leakage and the method to form
the amorphized portion of layer is applicable to any suitable
types of transistors, including non-fin type of transistors.

The invention may be embodied in other specific forms
without departing from the spirit or essential characteristics
thereof. The foregoing embodiments, therefore, are to be
considered in all respects illustrative rather than limiting the
invention described herein. Scope of the invention is thus
indicated by the appended claims, rather than by the forego-
ing description, and all changes that come within the meaning
and range of equivalency of the claims are intended to be
embraced therein.
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What is claimed is:

1. A method for forming a device comprising:

providing a substrate prepared with a device region;

forming a fin in the device region, the fin includes top and

bottom portions;

forming a gate over the top portion of the fin;

forming source/drain (S/D) regions in the top portion of the

fin; and

forming an amorphous isolation buffer at least in the bot-

tom fin portion below the gate, leaving the top fin portion
crystalline, wherein the amorphous isolation buffer
reduces S/D junction current leakage.

2. The method of claim 1 comprising:

forming an isolation layer on the substrate, wherein the

isolation layer has a top isolation surface disposed below
a top fin surface, leaving an upper fin portion exposed.

3. The method of claim 2 wherein forming the amorphous
isolation buffer comprising:

performing an amorphizing implant, wherein the amor-

phizing implant amorphizes the bottom portion of the
fin.
4. The method of claim 3 wherein the amorphizing implant
implants Si ions (Si*) into the bottom fin portion.
5. The method of claim 3 wherein the amorphizing implant
is performed by high energy implant (HEI) or by cold or
molecular/cluster implantation.
6. The method of claim 5 wherein the high energy implant
creates a vacancy rich region in the top fin portion.
7. The method of claim 3
wherein the gate serves as a dummy gate and comprising:
forming an interlevel dielectric (ILD) layer on the substrate
covering the fin, dummy gate and isolation layer;

performing a planarization process to form a top ILD sur-
face which is about co-planar with top surface of the
dummy gate; and
removing the dummy gate after the planarization process.
8. The method of claim 7 wherein removing the dummy
gate forms a gate trench and comprising forming a metal gate
within the gate trench.
9. The method of claim 2 wherein the gate is a metal gate
and comprising:
forming a dummy gate wrapping around the fin;
forming an interlevel dielectric (ILD) layer on the substrate
covering the fin, dummy gate and isolation layer;

performing a planarization process to form a top ILD sur-
face which is about co-planar with top surface of the
dummy gate; and

removing the dummy gate after the planarization process.

10. The method of claim 9 wherein:

removing the dummy gate forms a gate trench;

forming the amorphous isolation buffer is performed after

removing the dummy gate, and comprising

forming the metal gate within the gate trench.

11. The method of claim 10 wherein the amorphous isola-
tion buffer is formed by performing an amorphizing implant,
wherein the amorphizing implant amorphizes the bottom por-
tion of the fin.
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12. The method of claim 1 wherein forming the amorphous
isolation buffer comprising:

performing an amorphizing implant to amorphize a portion

of the substrate to form a buried amorphous isolation
buffer layer in a buried portion of the substrate, wherein
the bottom fin portion is part of the buried portion of the
substrate and the buried amorphous isolation buffer
layer is formed between a crystalline top substrate por-
tion and a bulk substrate.

13. The method of claim 12 wherein the amorphizing
implant is performed prior to forming the fin.

14. A method for forming a device comprising:

providing a substrate prepared with a device region;

forming a transistor in the device region, the transistor

includes a gate disposed over the substrate;

forming source/drain (S/D) regions adjacent to the gate;

and

forming an amorphous isolation buffer at least below the

gate, wherein the amorphous isolation buffer reduces
S/D junction current leakage.

15. A device comprising:

a substrate prepared with a device region;

a fin in the device region, the fin includes top and bottom

portions;

a gate over the top portion of the fin;

source/drain (S/D) regions disposed in the top portion of

the fin; and

an amorphous isolation buffer disposed at least in the bot-

tom fin portion below the gate and the top fin portion
being crystalline, wherein the amorphous isolation
buffer reduces S/D junction current leakage.

16. The device of claim 15 comprising:

an isolation layer disposed on the substrate, wherein the

isolation layer has a top isolation surface disposed below
a top fin surface, leaving an upper fin portion exposed.

17. The device of claim 15 wherein the amorphous isola-
tion buffer comprises a buried amorphous isolation buffer
layer in a buried portion of the substrate, wherein the bottom
fin portion is part of the buried portion of the substrate and the
buried amorphous isolation buffer layer is disposed between
a crystalline top substrate portion which is the top fin portion
and a bulk substrate.

18. The method of claim 14 wherein forming the amor-
phous isolation buffer comprising:

performing an amorphizing implant to amorphize a portion

of the substrate to form a buried amorphous isolation
buffer layer in a buried portion of the substrate, wherein
the buried amorphous isolation buffer layer is formed
between a crystalline top substrate portion and a bulk
substrate.

19. The method of claim 18 wherein the amorphizing
implant is performed by high energy implant (HEI) or by cold
or molecular/cluster implantation.

20. The method of claim 18 wherein the amorphizing
implant implants Si ions (Si*) or Ge ions (Ge™).
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